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ABSTRACT
The management of patients with vestibular disorders is a formidable
problem. Many individuals present to their physician with symptoms of loss of
balance and dizziness. A major contributor to sustaining proper upright balance,
the vestibular system, consists of a complex network of fluid-filied canals and
organs which aid in orientation of the head to vertical and provide information on
head movements. The vestibular system is also involved in the sensation and
perception of motion and position. Peripheral vestibular dysfunctions, which
involve the vestibular organs and/or nerve, can produce a variety of signs and
symptoms.
Physical therapy is a key discipline in the evaluation, treatment, and
management of vestibular system disorders. The treatment techniques used
with the different disorders are similar in nature, as presenting symptoms are
shared by various diagnoses. The purpose of this literature review is to evaluate
the field of vestibular rehabilitation and outline the intervention of physical
therapy.

vi

CHAPTER I
INTRODUCTION
Vestibular disorders occur frequently and can affect people of all ages
and walks of life. Studies from the National Institutes of Health found that 90
million Americans, 42% of the population, will complain of dizziness to their
doctors at least once in their Iifetimes. 1 In 1985,5,267,000 Americans sought
medical help for dizziness, as reported by The National Ambulatory Medical
Care Group. The etiology, in many cases, lies in the inner ear. It is estimated
that 85% of dizziness is the result of pathology within the peripheral vestibular
system. 2 Dizziness itself is not a disease, but rather a symptom of a problem
within the central or peripheral vestibular system.
Dizziness and balance problems affect 40% of individuals over the age of
40 and account for 5% to 10% of all physician visits. 3 The number one reason
for physician visits by individuals over the age of 65 is dizziness. Since the term
dizzy is used to mean a variety of sensations, from vertigo to disequilibrium to
lightheadedness, identifying dizziness of a vestibular etiology is not an easy
task. Vertigo, a sensation of oneself or external objects spinning, is considered
to be a hallmark sign of a vestibular deficit, yet an individual may experience
severe vestibular dysfunction without it. 4

1

2
Patients with inner ear disorders are often referred to physical therapy for
primary symptoms of balance disorders and movement related dizziness. The
reduces. an individual's
symptoms result from vestibular system pathology that
.
ability to move about his/her environment without experiencing vertigo and
imbalance. Many of these patients have developed secondary symptoms
associated with decreased activity levels. Dizziness can result in a significant
disabling condition that can diminish quality of life, reduce employability, and
affect all aspects of life. The full cost of vestibular disorders to society in terms
of medical expenses and lost productivity is unknown.1
Vestibular rehabilitation is an up-and-coming field in the practice of
physical therapy that is fast becoming recognized. It is only in the last few years
that physical therapists have become involved in treating this complicated
patient population. 3 Initially, this interest was due to 'a greater knowledge of the
vestibular system's importance in control of balance. Now, it reflects the
increased awareness that individuals with vestibular dysfunction can be treated
for the vestibular problem itself. Vestibular rehabilitation isan exercise
approach aimed at treatment of disequilibrium and dizziness symptoms
associated with vestibular pathology. The therapeutic exercises utilized are not
new concepts; many therapists have used them for general balance retraining
for numerous years. Previously, individuals with complaints of vertigo were
given medications, placed on bed rest, and told that they would have to live with
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the symptoms. 3 This is not true anymore, as many patients and therapists are
seeing the benefits associated with vestibular rehabilitation.
This paper will provide an introduction to the vestibular system and the
field of vestibular rehabilitation. Included will be a discussion of the involved
anatomy and physiology, the role of the vestibular system in postural control,
common vestibular system disorders, and therapeutic assessment and
treatment. For reference, a terminology list is provided in Appendix A.

CHAPTER II
ANATOMY AND PHYSIOLOGY
The vestibular system in the human is comprised of three components: a
peripheral sensory apparatus, a central processor, and a motor output
mechanism. 3 The peripheral sensory apparatus comprises a set of motion
sensors which send data to the central nervous system (CNS), specifically to the
cerebellum and vestibular nucleus complex. These

~ata inclu~e

head angular

velocity, linear acceleration, and head orientation with respect to the
gravitational axis. These signals are processed and combined with other
sensory information to estimate orientation of the head by the central nervous
system. Output from the central vestibular system is transmitted to the ocular
muscles and the spinal cord too initiate two essential reflexes, the
vestibulospinal reflex (VSR) and the vestibulo-ocular reflex (VOR).
Compensatory body motions to maintain head and postural stability and thus
avert falls are produced by the VSR. Eye movements which enable clear vision
while the head is moving are generated by the VOR.
Vascular supply for both the central and peripheral vestibular system is
from the vertebro-basilar artery system. 3 ,S,6 The surface of the inferior aspect of
the cerebral hemispheres and the dorsolateral medulla, including the vestibular
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nuclear complex inferior aspect, are supplied by the posterior-inferior cerebellar
arteries, a branch of the vertebral artery.3 Anterior-inferior cerebellar arteries
furnish blood supply to the ventrolateral cerebellum and through the labyrinthine
artery to the peripheral vestibular system. Central vestibular organs are
supplied by the basilar artery. An occlusion in the vertebro-basilar artery system
may manifest itself through clinical syndromes. The location on the lesion may
be determined by the vestibular symptoms portrayed.
Vestibular system innervation is through the eighth cranial nerve, the
vestibulocochlear nerve, which infiltrates the brain stem at the ponto medullary
junction. 3,5,6 The eighth cranial nerve sends afferent impulses from the labyrinths
along its course through the internal auditory canal, which runs through the
temporal bone and opens at the level of the pons.
Peripheral Sensory Apparatus
The first component of the vestibular system is the peripheral sensory
apparatus (Fig 1), or inner ear, which is buried in the petrous part of the
temporal bone. 5 An air-filled middle ear forms the lateral border of the inner ear
with the temporal bone supplying a medial border.3 Bony and membranous
labyrinths (Fig 2), which are the vestibular system motion sensors, comprise the
peripheral sensory apparatus.
Bony Labyrinth
Three semicircular canals-anterior, posterior, and lateral- and the
vestibule make up the bony labyrinth. 3.5 .6 The vestibule, the ceOntral chamber of
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Figure l.--An~tomy of the peripheral vestibular system
(From Herdman)
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Figure 2.--Anatomy of the bony and membranous labyrinths.
The fluid com§onents are illustrated by the inset.
(From Herdman ).
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the bony labyrinth, contains the utricle and saccule and lies posterior to the
cochlea and anterior to the semicircular canals. 5 ,6 These structures are lined
with endosteum and contain perilymphatic fluid which has a similar chemistry to
cerebrospinal fluid, a high sodium to potassium ratio. Communication between
the subarachnoid cerebrospinal fluid and the perilymphatic fluid is by means of
the cochlear aqueduct. 3
Opening into the posterior aspect of the vestibule are the three
semicircular canals. 3,5,6 They are at right angles to each other so they can sense
motion in all planes of movement. The anterior semicircular canal is vertical and
is at a right angle to the long axis of the petrous portion of the temporal bone.
Parallel to the petrous bone long axis and also vertically oriented is the posterior
semicircular canal. The lateral semicircular canal is 'situated in a horizontal
position and lies in the medial wall of the aditus to the mastoid antrum and is
above the facial nerve canal.
Sensory input regarding head velocity, specifically angular acceleration,
is supplied by the semicircular canals. 3,5 This sensory input makes it possible
for the VOR to produce an eye movement that concurs with head movement
velocity.3 The outcome is that during head movement, the eyes remain still in
space, thus allowing clear vision. Vestibulocochlear neural firing is proportional
to head velocity over the range of frequencies in which the head usually moves,
and this firing acts in conjunction with the velocity of the head. Endolymph in the
canals is displaced proportionally to angular head velocity and the canals
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function as rate sensors. The canals response to prolonged rotation at a
constant velocity is an important dynamic trait to be considered. A perfect rate
sensory would produce a constant signal proportional to velocity. Instead, the
canals behave well in the first second or so, and then the output diminishes
exponentially with a time constant of approximately seven seconds. This action
is due to a springlike behavior of the cupula, a gelatinous membrane which
overlies the hair cells of the vestibular system, which tends to return the canals
to their resting position.?
Each canal plane within the labyrinth is oriented perpendicularly to the
other canal planes, similar to the relationship of the floor and two walls of a
rectangular room. 3 Semicircular canal planes are also close to the extraocular
muscle planes, thereby allowing simple connections between sensory neurons
related to each canal and the neurons of motor output which are related to the
individual ocular muscles. Due to the different orientation of the canals on both
sides of the head, the canals sense motion in all planes and work in what is
termed a push-pull relationship.8 Vestibular neural firing rates can be decreased
or increased depending on the direction of head movement and, therefore, of
endolymph fluid motion within the canals. 9 For the horizontal canals, if the head
rotate to the right, the right vestibular nerve firing rate increases and the left
vestibular nerve firing rate decreases. Canal input is the generator of the
compensatory eye motion that occurs with head motion. This push-pull
arrangement of the coplanar pairing of the semicircular canals is advantageous
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in that it provides a sensory redundancy.3 If one of the paired semicircular
canals input is affected by disease, vestibular information regarding head
velocity from the contralateral member of the pair will still be received by the
central nervous system. This coplanar pairing enables the brain to disregard
changes in neural firing that occur simultaneously on both sides.
Membranous Labyrinth
The membranous labyrinth is suspended within the bony labyrinth by
supportive connective tissue and fluid. 3.5 .6 This smaller labyrinth follows the form
of the bony labyrinth and contains endolymph. 5 .6 Endolymph fluid composition
has a high potassium to sodium ratio, similar to that of intracellular fluid. 3 There
is no communication between the perilymph and endolymph in normal situations.
The membranous labyrinth also contains five sensory organs which include
three semicircular ducts, the membranous portions of the three semicircular
canals, and two small communicating sacs, the utricle and saccule, which are in
the vestibule. 3.5 .6 Each semicircular duct has one end which is widened in
diameter to form an ampulla, which contains a sensory area called crista
ampullaris. 3.6 Resting on the crista ampullaris are specialized hair cells which
sense and convert head displacement into neural firing. 3 The crista ampullaris
also sense motion by recording ampulla endolymph movements which occur
from head movements. When the head moves, the endolymph in the
semicircular duct alters its speed relative to the speed of the semicircular duct
walls.
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The saccule and utricle, commonly called the otolith organs, also contain
specialized hair cells which convert displacement due to head movement into
neural firing .3 These hair cells, called maculae, are positioned on the medial
wall of the saccule and the floor of the utricle. Cupula overlie each maculae and
contain otoconia, calcium carbonate crystals, which increases the otolith
membrane mass, thereby causing the maculae to be sensitive to gravity.
Through the incorporation of the otoconia mass into the otolithic membrane, the
saccule and utricle become extremely sensitive to gravity and linear
acceleration. The additional mass enables an increased shearing force of the
hair cells to be achieved, which ultimately increases the sensitivity of the otolith
organs.
Similar to the semicircular canals, the otolith arrangement is such that
they can respond to motion in all three planes.3 Unlike the semicircular canals,
the otoliths have only two sensory organs for the three dimensions of motion. In
the upright person , the utricle is oriented horizontally and the saccule is
positioned vertically. In this position, the utricle senses lateral movement along
the interaural axis in addition to anterior-posterior motion. Linear acceleration
along the occipitocaudal axis and the anterior-posterior axis is sensed by the
saccule. Otolith response to head position and changes in linear acceleration is
demonstrated by the status of a passenger in an airplane. 3 During flight, in
which there is a constant velocity, the passenger has no sense that he/she is
flying at 275 miles per hour. Yet, in the process of take off and the ascent to a
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cruising altitude, persons are able to sense the acceleration in addition to the tilt
of the plane on ascent. Therefore, the utricle detects head tilt and horizontal
plane translations and the saccule responds best to vertical translations. s
Vestibular afferent neurons demonstrate two firing patterns. 3 Regular
afferent often possess a tonic rate and little interspike interval variability.
Irregular afferents typically have no firing at rest and develop highly irregular
interspike intervals when stimulated by head activity. Regular afferent neurons
seem to be most valuable for the vestibulo-ocular reflex, while irregular afferents
seem to be most critical for the vestibulospinal reflex. These reflexes will be
discussed in greater detail further in on this chapter.
Central Processor
The second component is the central processor which is located in the
CNS. Principle targets for vestibular input from primary afferents are the
vestibular nuclear complex and the cerebellum.3 At both locations, the vestibular
sensory input is processed in conjunction with visual, sensory, and
somatosensory input. The vestibular nuclear complex is the main processor of
vestibular input executing speedy, direct connections between incoming afferent
data and motor output neurons. This vast structure is located chiefly within the
pons, and also extends interiorly into the medulla. It is comprised of four major
nuclei-superior, medial, lateral, and descending-and a minimum of seven
minor nuclei. The superior and medial vestibular nuclei are relays fro the VOR.
The medial vestibular nucleus is associated with the VSR; however, its main
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function is coordination of head and eye motions which develop simultaneously.
The primary nucleus for the VSR is the lateral vestibular nucleus. Linked to the
other three nuclei and cerebellum, the descending nucleus does not have its
own primary outflow. Connected through a network of commissures, the major
and minor vestibular nuclei are mutually inhibitory. These commissures enable
information to be shared between each side of the brain stem and enforce the
push-pull mechanism of the canals.
Processing of the vestibular sensory input by the vestibtJlar nuclear
complex happens simultaneously with the processing of extravestibular sensory
information, which includes auditory, tactile, visual, and proprioceptive. 3
Elaborate connections exist between the cerebellum, vestibular nuclear
complex, ocular motor nuclei, and the reticular activating system of the brain
stem. These extensive connections are needed to compose appropriate efferent
signals to the VSR and VOR effector organs and the skeletal and extraocular
muscles.
The cerebellum is the second target of vestibular input. It is the adaptive
processor which monitors vestibular performance and makes sure that it is tuned
Up.3 It uses feedback to compare what a person intended to do with what they
are actually doing and then helps with modifications. An important source of
input, the cerebellum also functions as a significant recipient of vestibular
nucleus complex outflow. The cerebellum is not essential for vestibular reflexes,
yet if removed, the vestibular reflexes become uncalibrated and inadequate.

14

Many areas of the cerebellar vermis are responsive to vestibular stimulation.
There is an inhibitory influence on the vestibular nuclear complex by the
cerebellum.
VOR gains are maintained and adjusted by the cerebellar flocculus. 10 The
cerebellar nodulus is concerned with adjusting the duration of VOR responses
and otolith input processing. 3 Cerebellar lesions of the anterior-superior vermis
disrupt the VSR and inhibit persons from using sensory input from their lower
extremities to stabilize their posture. These lesions are usually secondary to
excessive alcohol consumption or thiamine deficiency.
Canal velocity signals and otolith acceleration signals are not appropriate
for driving the ocular motor neurons. 3 These neurons require a neural signalencoding eye position for velocity integration of the VOR. The neural integrator,
a brain stem structure, is responsible for the transformation of velocity
information to position information. A similar structure is presumed to exist for
the VSR neural integration, but it is yet to be located.
Motor Output Mechanism
The final component of the human vestibular system is the motor output
neurons. There are separate output neurons for both the VOR and VSR.3 Motor
neurons of the ocular motor nuclei are the output neurons of the VOR. Motor
output from the vestibular nuclear complex to the ocular motor nuclei is carried
by the ascending tracts of Deiters and the medial longitudinal fasciculus. Ocular
motor nuclei drive the paired extraocular muscles which are oriented in similar
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planes to the semicircular canals. This orientation allows a single pair of canals
to be associated primarily to a single pair of extraocular muscles, resulting on
conjugate eye movements in the same plane as head movement. The network
between the vestibular nuclear complex and the motor neurons is more intricate
in the VSR than the VOR.
Anterior horn cells of the spinal cord gray matter are the motor output
neurons for the VSR and are responsible for skeletal muscle activation. 3 The
VSR is involved with many strategies which use different motor synergies to
prevent falls. For example, when pushed backward, a person's center of gravity
might become displaced posteriorly. To regain balance, one may: (1) dorsiflex
at the ankles, (2) grasp for support, (3) take a step, or (4) use a combination of
the three movements. The VSR is also responsible for regulating limb
movement appropriately for the head position on the body and it utilizes otolith
information more frequently than the VOR.
Three white matter tracts join the vestibular nucleus to the spinal cord
anterior horn cells. 3 The lateral vestibulospinal tract, which arises from the
ipsilateral lateral vestibular nucleus, receives the bulk of its data from the otoliths
and the cerebellum. This tract produces lower extremity antigravity postural
motor activity in response to changes in head position. The second pathway is
the medial vestibulospinal tract, which arises from the contralateral superior,
medial, and descending vestibular nuclei. This tract descends as far as the
cervical region of the spinal cord and initiates cervical axial musculature.
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Constant postural changes in response to semicircular canal sensory
information are also regulated by the medial vestibulospinal tract. The
reticulospinal tract collects sensory input from all of the vestibular nuclei, in
addition to all sensory and motor systems involved with balance maintenance.
This pathway is concerned with postural adjustments made secondary to
auditory, tactile, and visual stimuli.
Sensory, central, and motor output components of the human vestibular
system have been described. All three work together to produce the VOR and
VSR. Maintaining constant vision with head movement is the responsibility of
the VOR.3 The sequence of events which occur to produce this reflex when the
head is rotated to the left are as follows:
1. When the head is rotated to the left, endolymphatic flow deflects the
cupula to the right.
2. The hair cells discharge rate in the left crista increases in proportion to
head movement velocity. The right crista hair cells decrease their
discharge rate.

3. The firing rate changes are sent along the 'vestibular" nerve and
influence the medial vestibular nucleus discharge.
4. Excitatory impulses are sent via brain stem white matter tracts to
oculomotor nuclei which activate the left (ipsilateral) medial rectus and
the right (contralateral) lateral rectus. Inhibitory signals are also sent
to their antagonists.
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5. Concurrent contraction of the left medial rectus and right lateral rectus
muscles and relaxation of the right medial rectus and left lateral rectus
happens, resulting in lateral compensatory eye activity toward the
right.
Stabilization of the body and head is the purpose of the VSR. 3 The
reflexes associated with the VSR are the tonic and dynamic labyrinthine reflexes
and the vestibulocollic reflex. Events involved in creating a tonic labyrinthine
reflex are as follows:
1. The otoliths and canals are both stimulated when the head is tilted to
one side.
2. The vestibular nucleus and vestibular nerve are activated.
3. The vestibulospinal tracts transmit impulses to the spinal cord.
4. Extensor activity is induced on the ipsilateral side, and flexor activity is
induced on the contralateral side.
5. The maintained limb position is derived from the saccule and utricle.
Consisting of a complex network of fluid filled canals and organs, the
vestibular system aids in orientation of the head to vertical and provides
information on head movements. The three components of the vestibular
system, the peripheral sensory apparatus, central processor, and the motor
output mechanism, are vital to proper vestibular function.

CHAPTER III
ROLE OF THE VESTIBULAR SYSTEM IN POSTURAL-CONTROL
Balance, as defined by Shumway-Cook and Horak,11 is "the ability to
control and maintain the center of body mass within the support base of the
feet." This is the significant role of the human postural control system .3 ,11.14
Through an intricate process involving sensing and perceiving body position and
motion, the integration of the motion into the central nervous system (CNS) and
orienting the body to vertical, balance is maintained. 12 The vestibular system,
along with the visual and somatosensory systems, work independently and in
conjunction with each other to provide balance. There is redundancy in the
three systems' contribution to postural control, yet e~ch has optimal frequencies
and velocities at which postural sway is best stabilized. 15 ,16 Postural sway is the
small amount of lean one experiences while standing under normal
circumstances. The inability to maintain postural sway leads to the loss of
balance.
Sensing and Perceiving Position and Motion
There are three systems which are incorporated into postural control: the
vestibular system, the visual system, and the somatosensory system. The
vestibular system provides information regarding head movement and position
18
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with respect to inertial forces, such as gravity and moving vehicles. 3 It
contributes information that is important to the sensation and perception of the
motion and the entire body position. The vestibular system is an excellent
mechanism for detecting changes in postural control, but it alone is not
sufficient. This system cannot provide information about position or movement
of any body parts other than the head. 3 Second, the head movement information
may be ambiguous, such that head rotation can be produced by the head flexing
on the neck or the body flexing at the waist. Differentiation between the two is
not possible by the vestibular system alone. Sensitivity of the vestibular system
varies at different cervical ranges of motion. Faster head movements excite the
semicircular canal receptors, which respond poorly to slower head movements. 3
The otolith organs sense gravitational and slow drifting tilts, but only if these tilts
are linear and not rotational.
The visual system is important for interpreting a constantly changing
environment. 14 In conjunction with the eNS, the visual system is able to
determine if an otolith signal corresponds to a tilt with respect to a linear
acceleration or gravity.3 Orientation to vertical is also provided through vision
and visual cues such as walls and door frames. Since humans respond to both
perceived and actual sensory information, visual perception provides stability.14
When there are consistently gross differences between the two, inappropriate
balance strategies may result in greater instability.17 In situations when visual
information is unavailable, such as in darkness, or conflicting, such as in a busy
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environment, the eNS can compensate through the utilization of its other senses
to select the most useful sensory input to sustain balance. 11 .14
The somatosensory system provides information concerning body
position and motion with respect to its supporting surface and each other. 3 •13
Information about muscle stretch and joint position at the ankle or more proximal
joints is provided. 3 This system is especially sensitive to quick motions, such as
fast changes in joint position. Patients who cannot rely on redundant visual or
vestibular signals must count primarily on the somatosensory system for postural
control. 14
The brain is unable to utilize a concrete combination of the three,
because at anyone time, the information may be inaccurate with respect to
orientation from anyone of the three systems. 12.13 For example, when a person
stands next to a train that suddenly begins to move, momentary disorientation or
imbalance may result. A fraction of a second is required to decide whether the
train is moving forward or the body is swaying backward. A sensory conflict
develops in which the brain selects the correct inputs, somatosensory and
vestibular, and disregards the incorrect one, vision, a process called sensory
organization. The successful combination of the three systems depends on a
person's performance conditions. Redundant sensory
information
is available;
,
.
therefore, people are able to walk without vision, on uneven terrain, and without
input from the vestibular system. 12 Balance requires the combination of the
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somatosensory, visual, and vestibular systems; correct interpretation of the
information; and appropriate movement strategies. 11
Orienting the Body to Vertical
Postural control includes the ability to orient the body to vertical and
maintain balance, a task primarily done by the vestibular system. The basic goal
of postural controls is to position and correctly alter a person's center of gravity
(COG) given a base of support (BOS).14 A person can successfully lean beyond
the limits of their BOS while their COG remains within the BOS limits.13 If the
COG should exceed the limits of the BOS, a step or stumble is required for all
prevention. 12 Limits of stability (LOS) are boundaries over which safe sways are
possible. 3,12-14 These limits define a cone of stability that determine how far the
COG can move around its BOG. In the normal adult, the anteroposterior LOS is
approximately 12 degrees, eight degrees anteriorly and four degrees
posteriorly.12-14 The lateral LOS is dependent on the person's height and
distance between the feet, which is approximately 16 degrees if the feet are
spaced four inches apart on an average-sized person. An individual's COG is
preserved or changed within its LOS whether running, walking, standing in
place, or reaching.14 Limits of stability can be inflated and postural control can
be preserved by increasing the BOS through widening of stance, use of an
assistive device, or decreasing the COG through squatting or sitting. During
ambulation, the COG progresses forward in smooth rhythmic motions. 12 Upon
initial contact/heel strike, the COG is at the back of the LOS.

~hrough

the
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remainder of the gait cycle, the COG moves forward beyond the limits, causing
the individual to take a step out of the LOS. The body weight is then shifted,
redefining the LOS, and the series begins again.
An individual experiencing a musculoskeletal disorder may have an
altered LOS and COG alignment. 12 Weakness of the muscles around the ankle
jOint and/or limited ankle range-of-motion shrink the LOS and place the
individual at a greater risk for a fall with a relatively reduced sway envelope. If
the weakness is unevenly distributed, the LOS are smaller in the affected
direction and the COG alignment is not at the LOS center. The body must know
how to make the correct musculoskeletal responses in each situation in order to
retain balance.
The body demonstrates postural control strategies for correction of
anterior-posterior sway and regaining balance. 3 ,11.14 Normal adults typically
utilize three strategies: an ankle, hip, and stepping strategy. Various motor
plans can be used with each strategic response to properly align and adjust a
person's postural control. 14 Healthy individuals maintain balance while standing
through the utilization of these movement strategies which keep the person's
COG within the 80S. 11 These strategies require a period of time longer than a
segmental spinal reflex, yet shorter in duration than a cortical control response. 14
The uniting factor for the three strategies is the well established muscular
activation pattern with an onset latency time of 120 milliseconds.
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An ankle strategy is employed by most persons recovering from body
sway while standing on a full support surface. 3,14 A rotational force is exerted
around the joints of the ankle in an inverted pendulum shape. 3,12 There are slow
COG changes and minimal knee or hip movement with this strategy. It is most
effective when postural sway is slow and/or the alignment of the COG is
centered within the LOS.18 When these conditions are not met, the amount of
force needed to resist gravity and overcome the body's inertia greatly increases.
Limitation in this situation is not one of insufficient strength of the muscles
around the ankle; rather, the feet are too small relative
to the heigh
of the body
,
.
and tend to lift off the surface when large ankle torques are attempted. The
ultimate choice in this situation is a hip strategy because of its ability to
compensate for fast movements.
Hip strategies are commonly used on limited or narrow beam-like support
surfaces or when a relatively quick change in position is perceived or required
that consists of rapid body movements about the hip as the feet exert shear
forces of the support surface. 3,12,14 Shear forces cease as soon as hip
acceleration stops and, due to their production, this strategy is not effective for
slippery surfaces. 12 .13 The hip strategy is the best postural strategy for rapid
sway conditions when the COG is moved quickly over a small distance. 12
Normal LOS are approximately 12 degrees, provided the COG sway is slow.
Once the sway speed increases, the limits contract rapidly down to two to three
degrees. Therefore, a small amount of high frequency sway puts the individual
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perilously close to the LOS. The hip strategy is adequate because it produces
quick corrections within a diminished sway envelope.
A stepping strategy is effective when the COG is displaced beyond the
LOS and neither the ankle nor the hip strategy can restore the COG. 12 ,13 New
limits have to be established by creating a new BOS. This strategy is used least
frequently for postural control since the ankle and/or hip strategy are recruited
first to correct the displaced COG.
Vestibular information is crucial for a hip strategy and proprioceptive
information is critical for an ankle strategy.3 The head moves in an opposite
direction from the center of body mass in the hip and ankle strategies. When a
person is swaying about the ankles, somatosensory information indicating
backward motion of the COG corresponds with vesti~ular and yisual information
signifying backward pitch of the head. However, when a person recovers an
imbalance using a hip strategy, movement of the COG backwards is associated
with vestibular and visual information signaling forward pitch of the head.
Execution of hip strategy requires incorporation of all sensory information. The
somatosensory and vestibular systems provide quite different and relevant types
of information, of which both may be needed for a precise internal representation
of body movement. In contrast, correct execution of ankle strategy might not call
for vestibular information, since the vestibular and somatosensory information
are redundant. The proprioceptive information is more useful here.
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The vestibular, visual, and somatosensory systems playa significant role
in maintaining the center of gravity within the base of support. Rapid and
automatic postural strategy mechanisms are flexible and capable of adaption to
many different sensory environments. 3 Maintaining balance and avoiding falls
through the use of postural control strategies are the main goals of the vestibular
system.

CHAPTER IV
VESTIBULAR SYSTEM DISORDERS
Vestibular system disorders, which involve the vestibular organs and/or
the vestibulocochlear nerve, can result in disequilibrium, vertigo, and often
nausea and vomiting. 3,19 A complete evaluation by a physician, usually a neurootologist or a neurologist, is needed to determine the pathology behind the
.
complaints of disequilibrium or vertigo, and often times an exact diagnosis

.

cannot be reached. 3 It will be determined by a physician whether vestibular
rehabilitation is needed and whether a referral for physical therapy is necessary.
The scope of this paper is limited to the discussion of the four most common
vestibular system disorders: benign paroxysmal positional vertigo (BPPV),
vestibular neuritis/labyrinthitis, Meniere's disease, and bilateral vestibular
disorders.
Benign Paroxysmal Positional Vertigo
Benign paroxysmal positional vertigo is the most frequent cause of
vertigo. Initially described by Barany20 in 1921, BPP.v is typifie.d by short periods
of vertigo which occur when the patient's head is put into specific positions,
commonly with the involved ear down.3 Diagnosis is based on specific
symptoms and clinical findings. Symptoms of BPPV include vertigo, nystagmus
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(an oscillation of the eyeballs), and nausea. 3 ,4 There is an onset latency of
vertigo and nystagmus of 1 to 40 seconds, usually beginning
within
one to five
,
.
seconds after the patient is placed in the aggravated position. Torsional
nystagmus is experienced, causing the eyes to be directed toward the involved
side and becoming more vertical or upbeating when the eyes are directed away
from the involved side. 19 The nystagmus and vertigo increase in magnitude and
then subside in 30 to 60 seconds. These symptoms will go away even if the
precipitating head position is sustained; however, often the patient can identify
and avoid the provoking head position. 3
Nystagmus and vertigo experienced with BPPV are usually elicited by the
Hallpik-Dix maneuver which is used as an assessment and treatment tool. It is
performed by rapidly positioning the patient in a provoking position of 30 to 45
degrees below the horizontal with the affected ear down.19 This maneuver
results in ampullofugal deflection of the cupula of the posterior semicircular
canal. Torsional nystagmus is elicited form neurons exciting the contralateral
inferior rectus muscles and the ipsilateral superior oblique muscle. Any
movement which excites the posterior semicircular canal, such as tilting the
head back to look into the sky, can set off a similar, yet smaller, response. It is
not common for vertigo to be induced by actions which stimulate the horizontal
or anterior semicircular canals, such as turning the head in a horizontal plane or
leaning forward to pick something off the ground.

28
Benign paroxysmal positional vertigo patients commonly describe a
characteristic history.19 Typically, the symptoms are induced while rolling from
side to side in bed. 3 The patient rapidly moves out of the aggravating position
and avoids that position for fear of eliciting a subsequent episode. Therefore,
the duration of the vertigo is difficult to describe. Typically,
complaints
of other
,
.
actions which elicit vertigo are suddenly looking up when searching for an object
on a high shelf or standing up after bending forward. A single episode of vertigo
may be reported, or alternately, a patient may have experienced a long history of
episodic vertigo combined with symptom-free periods. Vertigo free remission
periods may last from months to years. Mild postural instability and
disequilibrium are commonly experienced between episodes. 3 •19 Many patients
with BPPV rely heavily on visual cues and do not effectively use vestibular cues
to maintain their balance.19 Women are more commonly affected than males. 3
Signs and symptoms are easily diagnosed, yet the etiology is often
unknown.19 Characteristics of BPPV can be adequately explained by two
different theories, cupulolithiasis and canalithiasis, which correlate the structural
relationship of the posterior semicircular canal and the utricle to the nystagmus
and vertigo which occur with certain head motions. 3 •19 It is suggested by both
the cupulolithiasis and canalithiasis theories that structural changes occur which
cause one of the posterior semicircular canals to become sensitive to gravity.
Cupulolithiasis proposes that degenerative debris from the utricle,
probably fragments of otoconia, fall onto the cupula of the posterior semicircular
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canal, making the ampulla gravity sensitive. This phenomenon was first
described in 1969 by Schuknect,21 who found basophilic deposits on the cupula
of the posterior semicircular canal in patients with a history of BPPV. The
increased density of the posterior semicircular canal cupula produces an
inappropriate deflection when the head is positioned such that the involved ear
is below the horizontal, resulting in nystagmus, vertigo, and nausea. Onset
latency of the nystagmus and vertigo is related to the time required to displace
the gravity-sensitive cupula. A gradual increase in nystagmus
,
.and vertigo is
related to the increased deflection of the cupula. A gradual decrease in
nystagmus and vertigo that occurs if the head-hanging position is maintained is
due to adaption.
Canalithiasis, as proposed by Hall et al,22 suggests that the degenerative
debris is not adherent to the cupula of the posterior semicircular canal but
instead is free-floating in the endolymph. When the head is moved into the
provoking position, the endolymph is moved by the falling otoconia and, in turn,
pulls on the cupula, exciting the neurons. Response latency is related to the
time needed for the cupula to be deflected by the pull of the endolymph. The
increase in nystagmus and vertigo that occurs is related to the ·relative deflection
of the cupula. The decrease in nystagmus and vertigo as the position is
maintained is due to cessation of the endolymph movement. Hall et al 22 argue
that their model explains the fatigue of vertigo that occurs with repeated
positional changes in patients with BPPV better than does the cupulolithiasis
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model. They hypothesize that with repeated head movements into the
precipitation position, some of the debris moves out of the posterior semicircular
canal, thereby reducing the response. BPPV will normally resolve itself
spontaneously within 6 to 12 months.
Vestibular Neuritis/Labyrinthitis
Vestibular neuritis/labyrinthitis is the second most common cause of
vertigo.3 It is a discrete, unilateral degenerative neuropathy of the vestibular
nerve trunks characterized by one or more severe prolonged episodes of vertigo
with periods of mild or constant unsteadiness. Patients do not present with
hearing loss or tinnitus, yet nausea and vomiting are common secondary
symptoms of the vertigo. 3 ,23 Symptoms usually subside after 48 to 72 hours, and
,
.
the patient's normal balance will gradually return over a period of approximately
six weeks. Quick head movements may still cause brief periods of oscillopsia of
the visual field and faulty balance. 3 Persons between the ages of 30 to 60 years
are commonly affected, with the peak incidence for women in their forties and
men in their sixties.
Vestibular neuritis pathology is still rather obscure. 23 It is commonly
accepted that the disease is from a viral infection which invades the vestibular
ganglion, inducing lesions of both peripheral and central axons. 3 ,23,24 Supportive
evidence of viral cause comes from histopathologic changes of vestibular nerve
branches in patients who have demonstrated thiS disease. 24 Onset is often
preceded by an upper respiratory or gastrointestinal tract viral infection which

31

may either coincide with the vestibular neuritis or pre-exist by as much as two
weeks.
Prognosis of vestibular neuritis is benign; this disease improves gradually
and is not fatal. 23 Stahle 25 defined the prognosis as usually running a course of
two to three months. Patients may have slight feelings of imbalance long after
this, especially if they rapidly change their head position.
Meniere's Disease
Meniere's disease is a vestibular system disorder which can evoke
devastating vestibular and hearing symptoms. 3 A classic episode is experienced
as an initial sensation of fullness of the ear, tinnitus, a decrease in hearing
followed by rotational vertigo, postural imbalance, nystagmus, and nausea and
vomiting. An average attack lasts two to four hours with violent vertigo
persisting from 30 minutes to 24 hours. The severe symptoms will lessen, and
the patient is usually able to ambulate within 72 hours. Postural unsteadiness
will persist for days or weeks, then normal equilibrium will return. Hearing will
gradually return to the premorbid level; however, as the disease progresses,
there may be a residual permanent hearing loss with lower frequency sounds.
Tinnitus will resolve itself and, after several years of the disease, vertigo
symptoms may lessen in severity and frequency.3 Meniere's episodes may
occur in clusters; several attacks may occur within a short period of time. In
other cases, weeks, months, or even years may pass between episodes.
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Meniere's disease is confined to one ear in 75% of the cases, while in the
other 25%, both ears are involved. 3 The disease is equally distributed between
males and females with the onset typically between the ages of 40 to 60 years
old. Approximately 15% of patients have blood relative who also experience
Meniere's disease, suggesting a possible genetic factor.
Meniere's disease is a consequence of altered endolymph flow usually
evolving over a course of many years.3 Endolymphatic hydrops is an excessive
accumulation of endolymph in the membranous labyrinth of the inner ear.4
Development of hydrops is usually caused by malabsorption of endolymph in the
endolymphatic duct and sac. 3 The malabsorption may be a result of disrupted
function of the endolymphatic duct and sac, mechanical obstruction of these
organs, or altered anatomy of the temporal bone. Endolymphatic hydrops may
be the cause of the symptoms associated with Meniere's disease or a pathologic
change seen with the disease. The underlying cause of Meniere's disease is
unknown.
Bilateral Vestibular Dysfunction
Bilateral vestibular dysfunction is the final vestibular system disorder to
be discussed. Patients experience postural ataxia with this permanent disorder,
yet vertigo, nystagmus, and nausea are absent. 3 A severe dynamic disturbance
of the vestibular reflexes is experienced. 8 ,26 When moving the head vertically or
horizontally, patients do not possess a VOR to stabilize their eyes in space. It is
initially difficult for these persons to keep their eyes stable under any condition.
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There are often complaints of oscillopsia, which is the feeling of objects moving 4
and images slipping from the visual field during head movement.
Loss of the VOR can be quite profound.s If this reflex is not functioning
properly, the eyes are not steady and images will transverse the retina. Small
amounts of retinal slip can deteriorate vision significantly. As an example, a
three degree per second slip can change someone's visual acuity from 20/20 to

20/200. One patient described wedging his head between the bars of his
hospital bed to help keep his head from moving so that he could see clearly.27
After he had undergone some compensation, he could read without wedging his
head, but found that he could not identify people's faces or read signs while
walking; he had to stand still.
Dynamic disturbances of the VSR can be quite dramatic. s Bilateral
vestibular deficient patients have a severe postural instability, typically
demonstrating an ataxic and wide-based gait. Quite often, these patients are not
able to turn their heads while walking, turn around without a loss of balance, or
walk on rough ground or in the dark.27 Additionally, these patients have difficulty
during rapid movements of the head and when visual and/or proprioceptive cues
are absent because their vision blurs faster than the pursuit mechanisms can
follow.
Bilateral lesions may occur secondary to labyrinthine
infection,
Paget's
.
.
disease, bilateral tumors, bilateral sequential vestibular neuritis, meningitis,
otosclerosis, polyneuropathy, ototoxic drugs, cerebral hemosiderosis, congenital
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malformations, or inner-ear autoimmune disease. 3 Little is known regarding how
these disorders can cause the bilateral lesions. The symptoms may occur as a
direct assault by the immune system. Antibody-antigen complex deposition in
basement membranes or capillaries of inner-ear structures is another possible
cause. Further studies are needed to shed light on the etiology of bilateral
vestibular dysfunction.
The four vestibular system disorders discussed are commonly the main
causes of dizziness felt by many persons. Although the symptomatology of the
disorders might be rather similar, the causes can be quite different. 3 A thorough
evaluation with a detailed history and physical examination should always be
done to make sure a correct diagnosis has been determined.

CHAPTER V
THERAPEUTIC ASSESSMENT AND MANAGEMENT
Every year, 5 out of every 1000 people consult their physician because of
symptoms classified as vertigo; an additional 10 in 1000 people are seen for
dizziness. 28 Despite the frequency of and morbidity ~ssociate~ with balance
disorders, the merits of vestibular rehabilitation (VR) are not widely recognized. 29
Vestibular rehabilitation is a treatment concept that is relatively new for many
physical therapists. Patients are being referred to VR at escalating rates as
physicians become aware of this modality. It is an exercise approach that has
developed over the past several years to aid in the management of persistent
functional problems associated with peripheral vestibular dysfunction. 11 .17 Based
on the use of adaptive and compensatory mechanisms present in the brain, VR
consists of exercise programs aimed at restoring the problems of dizziness,
balance dysfunction, and gaze instability.26.3o Exercise programs are patient
specific and based on signs, symptoms, and functional limitations. Different
treatment approaches are utilized based on whether absent versus reduced
vestibular function is exhibited. 8.31
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Evaluation
Programs in VR are designed to decrease vertigo and disequilibrium
associated with peripheral vestibular dysfunctions. There are many causes of
dizziness, not all the result of peripheral vestibular deficits. Therefore, it is
critical that patients entering a physical therapy program have a confirmed
diagnosis. 32 Most referrals will come from otolaryngologists or neurologists.
Performed by a physician, neurotologic examination consists of a detailed
history to determine the character of dizziness, physical evaluation of the ear,
visual assessment, examination of vestibulo-ocular reflex (VOR) and equilibrium
reflex functioning, Romberg testing to evaluate cerebellar function, and overall
:

.

neurologic assessment. 3 .31 Differentiation between the cochlear and vestibular
nerves, which are close in proximity, will be conducted via tuning fork testing or
by whispering. A complete audiological evaluation may need to be prescribed,
pending results of the previous tests. The physician may perform
electronystagmography (ENG) which, when abnormal, suggests dysfunction of
the vestibular system but does not give a specific diagnosis. The task of the
physician is to discern true vertigo if it is a result of a central disorder or a
peripheral vestibular disorder.33 Episodic versus constant symptoms might give
clues to the etiology. If the physician determines a vestibular etiology, physical
therapy is commonly the next step to determine the patient's deficit and to devise
an appropriate home program. 34
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Patients experiencing balance or vestibular disorders take more time to
examine than do typical patients since more tests are needed to determine the
nature of the problem, allowing for an appropriate treatment plan. 34 Physical
therapy assessment of function in a patient with inne-r ear dysfonction focuses on
three major areas: evaluation of the musculoskeletal system, balance and gait
assessment, and vertigo assessment (see Appendix B).
Musculoskeletal assessment includes range of motion (ROM), strength,
coordination, and sensation testing. Range of motion of the neck, trunk, and
extremities should be included, with special attention being paid to neck ROM. 3
Patients in whom head motion aggravates symptoms may have voluntarily
limited active neck movement and might lose ROM eventually. Many of the
other evaluation techniques involve passive motion of the neck; therefore,
restrictions in movement or pain associated with movement should be identified
-

.

before beginning those tests. Strength testing for the extremities, trunk, and
neck is important to establish deficits that may influence other aspects of the
evaluation. Gross asymmetries in strength may lead to motor imbalance or an
inability to produce enough force to generate an efficient response. 14
Coordination deficit problems should be ruled out, as proper muscle
recruitment and timing are necessary to produce smooth and coordinated
activity.14 Heel to shin, finger to nose, and rapid alternating movements are
gross tests which can be used to evaluate coordination. 3 Sensation testing of
the trunk and extremities is needed to rule out concurrent pathology.
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Proprioception and kinesthesia, light touch, vibration sense, and pain awareness
are also tested to rule out somatosensory deficits. Proprioception can be tested
by moving the great toe down or up and requesting the patient to identify the
position of the toe. Kinesthesia can be assessed by slowly moving the toe down
or up and having the patient state the direction of motion as soon as it is
perceived. Vibration can be assessed by placing a tuning fork over a bony
prominence and having the patient identify when the' vibratory sensation stops.
Balance and gait assessment include static and dynamic balance skills.
Static balance tasks can be performed with eyes open or closed and include
single-leg stance, Romberg test, and tandem Romberg test. 3 These tests are
timed and compared to established normative data. Patients may demonstrate
deficits only in the acute stage, as these tests are fairly easy. It is important to
remember that patients with balance disorders which are not from a vestibular
etiology may have difficulty with these tests.
Dynamic balance tasks, including balance during gait, the Clinical Test of
posturography
will
Sensory Integration in Balance (CTSIB), and dynamic
,
.
challenge the patient more than the static tasks.3 Patients should be tested
while leaning right and left, anteriorly and posteriorly, and the tests should be
both passive and active, allowing for testing in all planes of motion. Observation
should focus on weight shifting ability, equilibrium reactions in the upper and
lower extremities, head righting, and the ability to recover trunk vertical position.
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Gait evaluation provides a dynamic and functional assessment of the
patient's postural control mechanism. Evaluation can be obtained through
clinical observation, videotape analysis, or computerized motion analysis. 3 The
patient's gait should be evaluated in as many different situations as possible
since gait patterns differ with varying surfaces and environments. A patient
walking in a crowded versus non-crowded hallway will yield different gait pattern
information. Assessment should include having the patient perform a variety of
tasks while walking, which is one of the most difficult things for a patient with a
vestibular disorder to do. 34 It is not uncommon for the patient to lose balance,
develop nausea, dizziness, and vertigo. Other assessment tests include walking
quickly and then stopping immediately on the therapist's command; the
Singleton test in which the patient walks quickly and pivots to the right or left
immediately n the therapist's command; an obstacle course; or ambulating while
handling an object with the hands. 3
A determination must be made concerning the ability of the patient to
mediate the interaction between visual, vestibular, and somatosensory inputs,
including the ability to use primarily vestibular inputs while attempting to
maintain balance. 35 The CTSIB, commonly known as Foam and Dome, was
developed for systematically assessing the visual, v~stibular, ~nd
somatosensory influence on standing balance.32 Six sensory conditions are
tested by varying visual and somatosensory inputs. Conditions one, two, and
three include standing on the floor with eyes open, eyes closed, and wearing a
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visual conflict dome. 36 A sensory conflict is provided by the dome by depriving
the patient of peripheral vision and introducing a sway referenced image. A
discrepancy results between vestibular input stimulated by postural sway and
visual flow.37 The second and third conditions examine different postural
adjustments. Condition two examines how well patients maintain balance in the
absence of any vision, and Condition three examines how well patients maintain
balance when vision is present but that information conflicts with vestibular
information. 36 Conditions four, five, and six involve standing on foam and
repeating the visual conditions described for Conditions one through three.
For each of the six conditions, the length of time the patient can maintain
standing and the amount of body sway that occurs are assessed. Stepping from
the test spot or a significant change in strategy before 30 seconds has elapsed
is recorded as a fall. 35 ,36 The CTSIB does not specify the exact nature of a
patient's balance problem, yet it is useful in differentiating between patients with
and without vestibular disorders. 36 This test is practical, inexpensive, and
requires minimal equipment, factors contributing to the current widespread use
by many physical therapists. Another benefit of this test is that it is useful for
collecting data regarding patient's performance before and after therapy,
therefore documenting the efficacy of treatment for the benefit of third party
payers.
Dynamic posturography, also referred to as Equi test or Sensory
Organization Test, is another tool used for balance assessment.
It consists of a
.
.
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moveable platform upon which the patient stands and a surrounding screen
enclosure, both of which rotate about an axis close to that of the ankle joint. 38
Two identical force plates are embedded in the platform, one for each foot,
which detect anterior-posterior and horizontal shear reaction forces. Six test
conditions exist in which the patient must stand erect with arms folded on the
stomach for 20 seconds. The conditions are: (1) eyes open with fixed support
surface and visual surround, (2) eyes closed with fixed support surface and
visual surround, (3) eyes open and sway referenced visual surround, (4) eyes
open and sway referenced support surface, (5) eyes closed and sway
referenced support surface, and (6) sway referenced visual surround and
support surface. The test evaluates a patient's abilities to make use of visual,
vestibular, and somatosensory inputs for balance control and suppress each of
these senses at times when they provide orientationally inaccurate information. 12
Vertigo assessment includes dizziness questionnaires, such as the
Dizziness Handicap Inventory, to determine frequency and severity of dizziness
symptoms and to document lifestyle changes resulting from balance and
dizziness problems. In addition, patients are asked to perform functional
movements such as rolling, supine to sitting, and sitting to standing at various
speeds to determine whether the movement or the change in the speed of the
movement increases their symptoms. 34 The duration and intensity of the
symptoms are recorded.
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Head and eye movements are also evaluated to determine if symptoms
are associated with the VOR mechanism. 34 Patients might complain of
symptoms increasing when moving their eyes from right to left. Assessing the
head and eye movements is crucial since these might be the only movements
that are symptoms provoking.
Vestibular suppressants are frequently used to decrease the patient's
symptoms. 29,34,39 These medications, including Meclizine (Antivert), Diazepam,
Promethazine, Trimethobenzamide, Prochlorperazine, Scopolamine, Diphanidol,
and Droperidol, may decrease a patient's symptoms, but may also depress the
central nervous system (CNS). Depression may retard long-term CNS
compensation, thus delay the effects of exercise. It is preferred that the
physician decrease or discontinue the medication, guaranteeing as accurate an
evaluation as possible and that the effects of physical therapy can be more
clearly determined.
Treatment Approaches
The use of exercise in the treatment of patients with vestibular disorders
has been advocated since the 1940s by Cawthorne and Cookey.3,8,4o Since this
time, much awareness has been gained that relates to the vestibular system
function. 3 As this awareness has grown, so has the use of exercise and physical
therapy in the management of patients with vestibular disorders.
The main goals of a vestibular exercise program are to improve visual
following when the head is stationary, gaze stability during head movement, and
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static and dynamic postural stability (see Appendix C).40 Adaptation and
substitution of alternative strategies are two different exercise approaches used
for treatment of vestibular disorders.s.14.26.31 .34.35,40 Two patient populations are
candidates for these exercises: patients with decreased vestibular reactions
caused primarily by lateral lesions and patients with complete bilateral vestibular
dysfunction. s Exercises that enhance vestibular adaption should be taught to
patients with remaining vestibular function, while patients experiencing complete
loss of function should be taught exercises that foster the substitution of
alternative strategies for the lost vestibular reactions. Therapeutic maneuvers
utilized with the treatment of benign paroxysmal positional vertigo will be
addressed later in the chapter.
Adaption
The remarkable ability of the vestibular system to adapt is a very
important consideration .41 Vestibular neuron firing adapts or changes during
normal development and aging as well as in disease to maintain postural and
gaze stability.s This property can be exploited to foster compensation after
vestibular dysfunction. 8 .4o One of the most effective stimuli for inducing adaption
of the vestibular system is movement of an image across the retina combined
with movement of the head. The results is an error signal that the brain attempts
to resolve.
Adaption is stimulus specific; the use of a single frequency of head
rotation to induce VOR adaption will have the greate'st change 'in gain at that
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frequency.40 To improve VOR gain across many frequencies and to best mimic
normal motor activity, the exercises must require the patient to perform head
motions at many different frequencies. The brain needs time to resolve the error
signal; therefore, the stimulus should be maintained for at least 20 seconds to
ensure proper adaption.8 Patients who cease head movements at the onset of
nausea or vertigo should be encouraged to continue' and work ·through their
discomfort.
Vestibular system function is influenced by changes in voluntary motor
control. 8,40 Several studies have demonstrated that VOR gain can be increased
by having patients fixate on an imaginary visual target in the dark while making
head movements. 42 Concentration on the task is essential to optimize the
effect. 8 Tasks which require postural and gaze stability during head motions
should be practiced with and without visual cues.40
For optimal recovery, exercises incorporating visual , proprioceptive, and
vestibular cues should be used. 8,40 The visual and somatosensory systems
interact with the vestibular system to produce postural responses and
compensatory eye movements. Tasks which require postural and gaze stability
during head movements should be practiced with and without visual cues, such
as exercises to produce VOR gain.
Symptom provoking conditions should be mimicked in the exercises; for
example, visual environment movement can induce self movement perception,
which will result in postural sway.8,35 When large moving stimuli (full field) are
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used, the postural sway amplitude increases compared to the sway induced by a
small moving stimuli (foveal).a This effect of the visual environment explains why
patients with vestibular disorders complain of greater postural instability when
the visual environment moves with respect to the patient. Both full field and
foveal visual stimuli exercises should be used to mimic this situation. The
exercise is completed by having the patient move into the aggravating position,
holding this position for as long as the symptoms last, returning to the original
position, and repeating the procedure. 35 The exercises should be limited to no
more than five, even if the patient is sensitive in multiple positions. They should
be done twice daily, as more may overload the compensatory system and make
the symptoms worse. If provoked symptoms last longer than one hour, the
program should be modified to reduce the intensity of the produced symptoms.
Resolution of symptoms can occur as quickly as two weeks, may take as long as
six months, or may never occur such as with the elderly or patients with
cerebellar or brainstem damage.
Substitution of Alternative Strategies
The second treatment approach emphasizes the substitution of visual and
somatosensory information to stabilize the visual world and improve postural
stability.a,35,4o Patients who have complete bilateral vestibular dysfunction are
appropriate for these exercises. When a normal patient makes a combined eyehead movement toward a target, a saccade is made first, followed by movement
of the head. a As the head moves toward the target, the VOR keeps the eye
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stable in space so that the image of the target stays on the fovea of the retina.
Patients without vestibular function utilize other strategies to keep the image of
the target on the fovea. 43
A strategy used by patients with complete bilateral vestibular loss is to
decrease the amplitude of the saccadic eye movement toward the target. As the
head moves toward the target, the eyes are pulled into alignment with the
target. 40 A second strategy includes the use of corrective saccades and the
modification of quick-phase eye movements during combined eye and head
movements toward a target. Different patients use different strategies to
compensate for the loss of VOR.43 The exercises, therefore, are not designed to
emphasize one strategy, but rather to provide a situation in which the patient can
develop appropriate strategies to maintain stability. '
The substitution of alternative strategies is based on visual and
proprioceptive cues and can be used to improve postural stability in patients with
or without complete loss of vestibular function. 40 Patients who exhibit a complete
loss must rely on other sensory cues to maintain postural stability. If the patient
also exhibits visual or somatosensory dysfunction, postural stability will be
further impaired. Patients with unilateral lesions may also become dependent on
visual cues to maintain postural stability, although they have useful vestibular
and proprioceptive information available.
Exercises consist of activities directed toward improving specific abnormal
components of balance with focus on functional goals. 35 For example, patients
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who lose their balance when forced to rely on vestibular inputs could be given a
program which required them to stand on a compressible surface, such as foam,
with their eyes closed. This might be followed by having the patients rock in an
anterior-posterior direction while concentrating on perceiving their limits of
stability. Inappropriate selection of movement strategies can be treated by
establishing situations in which the required balance strategy can only be
achieved by using the correct task. For example, when asked to balance on a
surface shorter than the foot, such as a 2 X 4 board, it is difficult to use a pure
ankle strategy and sway in an anterior-posterior direction. It is critical to have
the patient move and force postural corrections while trying to maintain balance,
such as when standing with a narrow base of support and lifting the arms
overhead to reach for something.
Meniere's disease is treated initially by salt restriction, diuretics, and
vestibular suppressants, most commonly Meclizine. 33 If Meniere's disease is not
controlled within one year and the level of incapacitation is high, surgical
intervention is usually considered. Physical therapy is utilized post-surgically for
the instruction in adaptive or substitution of alternative strategy exercises.
Therapeutic Maneuvers
Several approaches have been developed to treat patients with BppV. 19
The first treatment approach, proposed by Brandt and Daroff,44 believes that the
debris embedded in the posterior semicircular canal cupula can be dislodged by
repeatedly moving the patient into the provoking position. Brandt's44 exercises
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require the patient to repeatedly move into the aggravating position several
times a day. The patient rapidly moves from sitting into the vertigo causing
position. Torsional nystagmus may occur with vertigo onset and the severity will
be directly related to how quickly the patient moves into the position. The
patient must remain in this position until the vertigo ceases, then sit upright
again. A rebound effect may be experienced when sitting up, but it will be a
shorter duration and less intense. The patient stays upright for 30 seconds and
then quickly moves into the mirror image position on the other side, maintaining
this position for 30 seconds, then again sits upright. The entire maneuver is
repeated until the vertigo diminishes and is repeated every three hours during
the day until they are vertigo-free for two consecutive days.
A second treatment approach for BPPV, the Liberatory maneuver, moves
the patient through a series of positions in order to float the debris out of the
posterior canal but does not distinguish between cupulolithiasis and
canalithiasis. 45 This maneuver is a modification of the Hallpik Dix maneuver,
mentioned in Chapter IV, in that it varies in the amount of time in the positions
performed. As with the Brandt and Dardoff44 approach, the aggravating position
must first be identified. The patient is moved quickly from a sitting position into
the aggravating position and kept here for two to three minutes, then turned
quickly to the opposite ear down position with the therapist maintaining the neck
and head on body alignment, and remains here for five minutes. Commonly,
vertigo and nystagmus reappear in this pOSition. The patient is slowly returned
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to the vertical position in which he/she must remain for 48 hours and avoid the
provoking position for one week following the treatment. This maneuver usually
requires only a single treatment.
The repair capability of the vestibular system is an important
consideration in VA. Repair of peripheral vestibular lesions is amazingly
competent, yet there is a high degree of context dependency involved. 3
Adaptations which are learned within a particular situation may not work within
another context. For example, a person who is able to stabilize his/her gaze on
a target while in the upright position may not be able to perform the stabilization
while in a supine position.
Central lesion repair is much more difficult than peripheral lesion repair
since central symptoms are more serious and have a much longer duration than
the peripheral symptoms. 3 When there are central processing lesions, or lesions
of the tracts to and from the cerebellum, vestibular dysfunction symptoms can be
profound and permanent. If your car breaks down, you can take it to a repair
shop and get it repaired. If, however, the repair shop is not open, the car is still
broken down and you have a big problem. This analogy shows the importance
of the cerebellar function if there is a lesion in the central vestibular system. The
system as a whole can withstand and adapt to major amounts of peripheral
vestibular dysfunction. Yet, the vestibular system's Achilles heel is its relative
incapability to repair a central vestibular dysfunction.

CHAPTER VI
CONCLUSION
Vestibular disorders can severely hamper a person's life. Many of the
symptoms experienced by individuals affected by vertigo and balance disorders
can be frightening, as they affect all aspects of life. Physical therapy is a key
discipline in the evaluation, treatment, and management of vestibular system
disorders.
The vestibular system is a major contributor to sustainin.Q proper upright
balance through use of its paired semicircular canals and otolith organs, central
nervous system, and vestibular reflexes. Detection of body movements and
correcting for postural imbalances is a combined role of the vestibular, visual,
and somatosensory systems. As with any system in the human body, there
exists the possibility of a dysfunction occurring. Vestibular system disorders
involve the vestibular organs and can be quite disabling to a person's quality of
life. Individuals may experience symptoms of disequilibrium, vertigo, nystagmus,
nausea, and vomiting. It is not unusual for a person to present to their physician
with complaints of dizziness, as vestibular system disorders are quite common
and affect individuals of all ages.
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Vestibular rehabilitation is a relatively new physical therapy intervention
approach in the treatment of individuals with vestibular system deficits. Through
a series of exercises and therapeutic maneuvers, physical therapists are able to
aid in the management of persistent functional problems assoCiated with
peripheral vestibular dysfunction. 11 ,17 Many patients are treated successfully
with vestibular therapy and require no further medical treatment. I believe that
vestibular rehabilitation is a dynamic, creative, and exciting aspect of physical
therapy. It is becoming a popular treatment regime throughout the United States
that has proven its effectiveness in the management of vestibular dysfunction. A
support network exists for professionals, individuals, and families experiencing
vestibular disorders. For further information regarding vestibular disorders,
support networks, and newsletters, write or call The Vestibular Disorders
Association, 1015 N.W. 22nd Avenue, 0230, Portland, OR
(503) 229-7705.
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TERMINOLOGY LIST
Disequilibrium - refers to unsteadiness, imbalance, or loss of equilibrium; often is
accompanied by a feeling of not knowing where one's body is in space.
Dizziness - an imprecise term meaning faintness, giddiness, unsteadiness, lightheadedness, or vertigo.
Endolymph - fluid contained within the membranous labyrinth of the inner ear.
Labyrinth - the complex system of chambers and passageways of the inner ear;
contains the semicircular canals and vestibule.
Nystagmus - involuntary, alternating, rapid and slow movements of the eyeballs.
Oscillopsia - the feeling of viewed objects moving to and fro.
Otoliths - calcium carbonate crystals found in the utricle and s~ccule of the inner
ear.
Perilymph - fluid contained within the bony labyrinth of the inner ear.
Saccule - sac-like inner ear organ containing otoliths; senses vertical motion of
the head.
Semicircular canals - three tubes in the inner ear which sense angular
acceleration.
Temporal bone - the part of the skull in which the inner ear is located.
Tinnitus - noise or ringing in the ears.
Utricle - sac-like inner ear organ containing otoliths; senses forward and
backward head motion.
Vertigo - sensation of movement or rotation of oneself or surroundings.
Vestibular system - the part of the inner ear concerned with balance and body
orientation; consists of the semicircular canals, saccule, and utricle.
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P.T. BALANCE EVALUATION
Patient Name: _ _ _ _ _ _ _ _ _ _ __

O.O.B. _ _ _ _ _ __

Medical Record Number: - - - - - - - -

Ox: - - - - - - - -

Referring Physician: _ _ _ _ _ _ _ __

Date of Onset: _ _ _ __

Clinician: - - - - - - - - - - - - - - -

Secondary Ox: _ _ _ __

Date of Evaluation: _ _ _ _ _ _ _ _ __
HISTORY: (Gradual vs. Sudden onset, previous Ox)

ENG
COP
Audio
Imaging
PAST MEDICAL HISTORY:

MEDICATIONS:

SOCIAL: (family, employment, occupationallvocational goals)

CHARACTERISTICS OF DIZZINESS: (vertigo/lightheaded/unsteady, spells vs.
Continuous, frequency, duration, spontaneous vs. Motion provoked, stress
related, ability to perform OLS, specific situations)

ASSOCIATED SYMPTOMS: (Fall, veer, drainage from ear, diplopia, blindness,
nausea, numbing, weakness of limbs)
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GENERAL ACTIVITY LEVEUAPPEARANCE:
VISION:
VOR:
VOR suppression:
Visual fields:
Smooth pursuit:
Eyewear:

NEAR

Date of last eval: _ _ __

FAR

MUSCULOSKELETAL

ROM

Strength

R

L

R

L

Shoulder
Elbow
Hand
Hip
Knee
Ankle
Cervical

PAIN:
TONE:
SENSATION:
Light Touch
Vibration
Sharp-dull

COORDINATION:

(finger to nose, diadochokinesia, finger opposition, heel to
shin, pronator drift, toe tapping)
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BALANCE:
Standing:
Base of Support:

- avg:
- reduced:

Active weight shifts/LOS:
Response to displacements:
Strategies

- presence of:
- appropriate use of:

Perception of LOS:
Clinical tests (hands on hips for 1-7)

RIGHT

LEFT

SLS, EO:
SLS, head rotation:
Tandem stance, EO:
Tandem stance, head rotation:
March on foam, 30 steps, EO:
March on foam, 30 steps, EC:
Dynamic instability test:
SENSORY ORGANIZATION: (COP, CTSIB)
MOTION SENSITIVITY:
GAIT:

Standard

normal, unsteady (mild, mod, severe)
Cadence:
sec. - 50 feet

Tandem

# steps on line/total # steps in 30 feet

Head rotation

normal, unsteady (mild, mod, severe)

Head flex/ext

normal, unsteady (mild, mod, severe)
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GAIT: (Cont.)
Pivot right

normal, unsteady (mild, mod, severe)

Pivot left

normal, unsteady (mild, mod, severe)

Start/stop

normal, unsteady (mild, mod, severe)

Backwards

normal, unsteady (mild, mod, severe)
Cadence:
sec. - 50 feet

EQUIPMENT:

FUNCTIONAL MOBILITY:

(transfers, bed mobility, curbs/ramps/stairs, uneven
terrain)

ASSESSMENT:

SHORT TERM GOALS:

LONG TERM GOALS:

RECOMMENDATIONS:

CLINICIAN SIGNATURE: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

From Rehabilitation Institute of Tucson, 2650 North Wyatt Drive, Tucson, AZ

85712

APPENDIX C

60
Exercises to Improve Postural Stability

These exercises are designed to incorporate vestibular stimulation (head
movement) or foster the use of alternative strategies for balance.
1. The patient stands with his/her feet as close together as possible with one
or both hands helping to maintain balance by holding on to a wall if needed.
The patient then turns his/her head to the left and to the right horizontally
while looking straight ahead at the wall for one consecutive minute. The
patient removes his/her hands from the wall for extended periods of time
while maintaining balance. The patient should then try to move his/her feet
closer together.
2. The patient with an acute disorder should walk as often as possible.
3. The patient begins to practice turning his/her head while ambulating. This
will cause a decrease in stability; therefore, the patient should stand near a
wall as he/she walks.
4. The patient stands with his/her feet shoulder width apart with eyes open and
focusing on a target on the wall straight ahead. They will gradually narrow
the base of support to feet together and to a semi-heel-to-toe position. The
arms are initially outstretched, then close to the body, and then folded
across the chest. Each position is maintained for 15 seconds before the
patient progresses. The patient will practice for five to fifteen minutes.
5. Once the patient has mastered the above exercise (four), he/she may
progress to the same exercise, but perform it with eyes closed.
6. This exercise may be performed with feet in varying positions and standing
on different support surfaces.
7. The patient stands on different surfaces, advancing to more difficult tasks
such as hard surfaces, thin carpet, shag carpet, thin pillow, sofa cushion.
8. The patient practices walking with a small base of support.
9. The patient practices walking and turning at the same time, in both
directions, by initially using large turns and progressing to small circles and
turns.
10. In a crowded hallway, the patient can practice walking with and against the
flow of traffic.

From Herdman SJ. Vestibular Rehabilitation. 1st ed. Philadeiphia, Pa: F. A.
Davis Company; 1994:296.
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Exercises to Improve Gaze Stability

Acute Stage
1. A foveal target, a business card or other paper with words on it, is placed on
a wall in front of the patient so that he/she can read it. While moving his/her
head gently back and forth in a horizontal direction for one minute, the
patient tries to keep the words in focus.
2. The exercise above is repeated with the head moving Vertically.
3. The exercise is again repeated using a full-field stimulus, such as a large
pattern checkerboard, moving the head horizontally.
4. The checkerboard exercise is repeated moving the head vertically.
Exercises should be increased from one to two minutes at least three times a
day. The patient should be encouraged to work through any dizziness or
nausea that occurs.

Subacute Stage
1. The patient holds a business card in front of him/herself such that he/she
can read it. He/she then moves his/her head and the card back and forth
horizontally in opposite directions, maintaining the words in focus
consistently for one minute.
2. The above exercise is repeated with vertical motions, and with a large fullfield stimulus.
Exercises should be increased from one to two minutes at least three times a
day.

Chronic Stage
1. While fixating on a visual target place on a wall, the patient slowly bounces
on a trampoline.
Acute stage exercises may also be used with chronic, uncompensated patients.

From Herdman SJ. Vestibular Rehabilitation. 1st ed. Philadelphia, Pa: F. A.
Davis Company; 1994:298.
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